Abstract: A trigger system was designed for the external target experiment in the Cooling Storage Ring (CSR) of the Heavy Ion Research Facility in Lanzhou (HIRFL). Considering that different detectors are scattered in a large area, the trigger system is designed based on a master-slave structure and fiber-based serial data transmission technique. The trigger logic is organized in hierarchies, and flexible reconfiguration of the trigger function is achieved based on command register access or overall field-programmable gate array (FPGA) logic on-line reconfiguration controlled by remote computers. We also conducted tests to confirm the function of the trigger electronics, and the results indicate that this trigger system works well.
Introduction
. At the CSR complex, there are an internal target experiment for hadron physics and an external target experiment for heavy ion collisions [3] . The external target experiment is composed of a start time (HDTDM) were designed for the MWDC. The AFE is used to convert the input charge information to a output pulse width, which is fed to HDTDM for time digitization (the resolution is around 100 ps) [4] . As for TOF walls and neutron wall, the high-resolution Time and Charge Measurement Module (TCMM) was designed, in which charge measurement is achieved based on the TOT method using SFE16 chips [5] and HPTDC chips [6] are used for time digitization, and a time resolution of around 25 ps is achieved in TCMM [7] .
A clock module was also designed to generate high precision 40 MHz clock signals for all the front-end measurement modules. To accommodate system-level assembly and extension, PXI 6U [8] standard is employed in the electronics design. As an indispensable part in this readout electronics system, a trigger system is very important for valid data readout and background noise rejection, which is the main work presented in this paper.
In the external target experiment, except MWDCs, all the other detectors will participate in the trigger processing. The front-end measurement modules for different detectors are installed in multiple PXI crates, and besides, these crates are scattered over a large area in the experiment hall. Considering the above situation, the trigger system is organized in three hierarchies, which include the trigger logic blocks in front-end measurement modules, Slave Trigger Modules (STMs), and one Master Trigger Module (MTM), as shown in Fig. 2 . The first hierarchy abstracts effective hit information from the detector output signals, and then these hits are further processed in the STM to generate sub-trigger information.
MTM collects all the information form STMs and then a global trigger signal is finally generated, which is then distributed to STMs and then to the front-end measurement modules for data readout. 2) Flexible reconfiguration of the trigger logic, since differeent trigger patterns would be needed according to the objects of the nuclear experiments.
To address these issues, we made research in the trigger system design, for example, trigger signal tansmission based on fiber and reconfiguration methods of the trigger logic, which are illustrated in the following sections. This paper is organized as follows. Section 2 introduces the architecture of the trigger system and the main techniques utilized in it as well as the design of three-hierarchy trigger logic and trigger functionalities. Section 3 describes the laboratory test results, and finally section 4 gives a conclusion. After system powering up, the fiber communication is in chaos, so two steps are taken to make it operate normally. Firstly we should initialize the transmitter (TX) and receiver (RX) of GTP interface. Fig. 5 illustrates TX initialization process. This process starts with user command, with which the "INIT_PULSE" signal is generated. The initialization control logic then asserts the "PLLRESET" signal to reset the internal PLL in GTP interface core. Meanwhile, "GTTXRESET" goes high, and it goes low back when "PLLLOCK" is asserted, which indicates completion of PLL reset operation. And then the GTP interface starts to reset the TX datapaths.
Trigger System
When the above process is finished, "RESETDONE" turns high, as a flag to indicate that the GTP interface is ready for use. The RX initialization process is just similar. for STM, respectively.
Trigger logic design
As mentioned above, the trigger system is organized in hierarchies and the trigger process is executed in three steps. Details are presented in the following sections. 
Preprocessing logic in front-

Trigger processing in STM
Each STM collects hit signals from the front-end measurement modules within the same PXI crate, and performs the trigger processing of the second hierarchy.
Different trigger patterns would be required for different experiments. In this paper, we present the logic design for one basic trigger pattern. For example, for the TOF walls and neutron wall, the prerequisite for the trigger processing is that at least one hit is received in the STM.
This signal is marked as "sub_trg_flag". According to physics experiment requirement, the total hit number need to be calculated within a certain time range. This is achieved by pulse expansion of input hit signals and "OR" logic to generate the "sub_trg_flag" signal. The expansion time parameter is user defined according to physics requirements. This signal is then used as the start signal for the "Enable Pulse Generator" logic to generate the enable signal used for the "Adder" to sum the hit number of different front-end measurement modules.
Since the hit number information is embedded in the pulse width of input hit signals, we recover the information using counters, as shown in Besides, which input hits participate in the above logic can be chosen through configuration according to user command, as discussed in Section 2.3. Because of different detector types and locations, the arrival time of received sub-trigger information will be different. Thus we should synchronize the 16 flag signals before logic algorithm. As shown in Fig. 9 , the delay component is employed to achieve this. And each delay time can be set respectively according to user command.
Trigger processing in MTM
According to the requirement of the external target experiment in CSR, the 16 flag signals are categorized into four groups, and in each group the combinatory logic is fixed. To guarantee a good flexibility, we aim to change the logic among groups in different experiments. As shown in Fig. 9 , MTM switches to a certain logic function according to the user commands from remote PC, so the trigger pattern can be modified on line. If a totally different trigger pattern is required in future experiments, the logic can be updated through FPGA reconfiguration, as mentioned above.
Besides, according to the experiment requirements, the "STnum_i" data are also buffered and transferred to the DAQ system.
Once the global trigger signal "GT_OK" (in Fig.  9 ) is generated in the MTM, it will be transmitted back to all the STMs, and further fanned out to front-end measurement modules for valid data readout. To confirm the function of the overall trigger system, we conducted tests in the laboratory. Fig. 10 shows the test platform. Table. 1, the BER is lower than 10 −13 , which indicates a good stability. 
Test Results
Digital
Fiber-based data transmission test
Trigger logic function test
To evaluate the validity of the trigger electronics, we conducted two types of tests. The first is to observe the important signals generated during the trigger processing using the oscilloscope. In the second test, we verify the trigger function with random hit signals. We also built a MATLAB simulation program according to the trigger pattern. The generated pseudo random numbers in the tests are also stored and read out, which are used as inputs for the MATLAB program. The processed results in MATLAB are shown in Fig. 13 (a) , which concords well with Fig. 13 (b) . The test results indicate that the trigger electronics functions well strictly following the expected trigger pattern.
Conclusions
A master-slave structure trigger system has been designed for the CSR external target experiment. 
